Abstract
Introduction 25
Global warming from emissions of greenhouse gases has become the core issue of global 26 environmental change. One of the most pressing concerns in the science of global climate change 27 is the effective accounting of the global budget for atmospheric CO 2 (Schindler,1999; Melnikov 28 and Neill,2006;Liu et al.,2010; Kao et al.,2014) , since in order to control global warming, it is 29 necessary to control emissions of carbon dioxide through carbon capture and storage (CCS) 30
technology. In addition to developing CCS technology, an understanding of a number of natural 31 ecological and geological processes such as rock weathering, plant growth, and other physical, 32 chemical, and biological processes can also improve CCS (Hoffmann et al.,2013) . Carbonate 33 weathering in rock weathering processes is considered to be both an important source and sink of 34 and Probst (1995) and Bluth and Kump (1994) , respectively. The other method estimates carbon 53 sinks using observations of river chemistry such as karst water flow and concentrations of 54 bicarbonate. Nevertheless, there are always some differences between the results of the two 55 calculation methods (Yan et al.,2011) . 56
Karst is widely distributed in China, which has approximately 3.44 million km 2 of karst area, 57 including buried, covered, and exposed carbonate rock areas (Jiang et al.,2014) , and about 0.4 58 million km 2 of karst is located in the southwest (Jiang and Yuan,1999) . The most frequently used 59 calculation methods for carbon sequestration are the forward method (Zhang,2011) 
and, in 60
China's karst regions, the river chemistry method. But, there are some defects of the forward 61 method because physical models cannot truly reflect the in situ karstification and carbon migration 62 process (Zhiqiang et al.,2011) , and for this reason the river chemistry method is more frequently 63 There are large discrepancies in the estimates of carbon sequestration in China, ranging from 65 5 Tg Cyr -1 (Jiang and Yuan,1999) to 12 Tg Cyr -1 (Yan et al.,2011) and18 Tg Cyr -1 (Liu and 66 Zhao,2000) . These values are usually derived from the observed carbon discharge from a single 67 water chemical observatory in a single basin in southwest China; however, there may be some 68 deviations in the results of this single observation site because of the high heterogeneity of the 69 karst system, the sensitivity of the response to external environment changes, and the interference 70 of human activity which is usually intensified in karst regions. Studies 
Determination of Water Samples and DIC Method 118
Bicarbonate concentration was measured using a neutralization titration method. The steps of 119 the method are as follows: (1) Add a sample to a 100 ml beaker and drip 4 drops of phenol red 120 indicator and then shake the sample well; (2) Titrate the sample using standard HCl (0.025 mol/L) 121 until the red disappears at a pH of 8.4 and record the standard HCL usage quantity V1; (3) Drip 122 three drops of methyl orange indicator into the sample and shake well, then titrate using standard 123
HCl until the color of the sample changes to orange at a pH of 4.4, and record the HCl usage 124 quantity (V2); and (4) Finally, measure the concentration of carbonate ions in the water samples 125 by using formula (1): 126
In a karst environment, carbon dioxide dissolves in water and undergoes a reversible chemical 128 process (2) with calcium carbonate： 129
Under a steady state, the quantity of carbon dioxide dissolved in karst water is equal to the 131 discharge of CO 2 from the atmosphere. That discharge in g C m 
Results

146
Dry -Wet Seasonal and Inter-annual Variations of Ion Concentration and Discharge 147
For each site during the study period, the ion concentration in the wet season was slightly 148 smaller than in the dry season. LHT station, which had the longest study period, exhibited the Table 1 shows that MSK 161 station was more stable than LHT station with respect to the standard deviation of ion 162 concentration variation. Although, the difference in ion concentrations between LHT and LG was 163 smaller than that between LHT and MSK, differences in the site as a whole were small. 164
The discharge from MSK station, which is located at the outlet of the underground river basin, 165 was larger than the discharge from LG and LHT. 
178
Solid , and 14.45 g/m 2 . Comparing the results for the same period, we found that the annual carbon 192 sink discharge in the rainy season, dry season, and whole year for LHT station were greater than 193 those for MSK and LG stations. However, with respect to the stability of carbon discharge ( Table  194 1), MSK was the most stable in the rainy season while LG was the most stable in the dry season. 
Discussion 196
Flow and Ion Concentration Change and its Effects on Carbon Sink 197
According to the flow trend of each station, we can see that the flow in the rainy season is 198 consistent with the flow trend for the whole year, suggesting that the runoff from precipitation in 
Variation in Carbon Sink Discharge for Each Site 256
The carbon sink discharge for each site in the rainy season was greater than for that of the dry 257 season and the annual average, while the carbon sink discharge in the dry season was less than the 258 annual average (figure 6). This shows that the karst carbon sink (karstification's absorption of 259 atmospheric CO 2 and soil CO 2 ) changes significantly with the seasons and exhibits striking 260 seasonal patterns. The reason for this is that the considerable summer rainfall runoff significantly 261 increases the amount of carbon sink discharge in the rainy season. The annual average carbon sink 262 discharge of all the stations during study period shows that LHT>MSK>LG; however, 263
comparisons cannot be made due to the different study periods. MSK than for LHT. On the one hand, the fact that the carbon sink discharge for MSK was less 277 than LHT might be linked to the water conveying distance and LUCC type of the control area. The 278 carbon sink for MSK, which is the groundwater outlet for the whole basin, was influenced by the 279 landform and LUCC type of the entire river basin (Figure 1) . Previous research has shown that 280 karst erosion rates under soil vary significantly for different LUCC types in karst watersheds, and 281 the averages for cultivated land, thickets, secondary forests, grassland, and forest were found to be can significantly increase the average annual concentration of soil CO 2 (increased by 266% in 10 287 years). The increase in CO 2 promotes the dissolution of carbonate rock and greatly increases 288 HCO 3 concentrations in groundwater (Liu,2012; Waterson and Canuel,2008) 
. Research in the 289
Houzhai valley has shown that forest recovery causes more carbon dioxide (CO 2 ) to be dissolved 290 in karst water, which in turn allows for carbon uptake by forests (Yan et al.,2014) . This research 291 also suggested that karst hydro-geochemistry and the karst-related carbon cycle could be regulated 292 effectively by different LUCC types (Zhao et al.,2010) . On the other hand, in the process of runoff 293 converging at the outlet, much of the water flows into the surface river and flows across the thick 294 soil of paddy fields, but our calculation method only considers carbonate weathering carbon sinks 295 (water -rock -gas interaction) and not the organic processes, which may affect calculation results. 296
Research has shown that aquatic photosynthesis uses dissolved inorganic carbon to synthesize 297 organic carbon (Waterson and Canuel,2008; Tao et al.,2009) , and this is also one of the factors 298 affecting the results. In addition, differences in basin surface water and groundwater proportions 299 controlled by geological landform could also affect the calculation results. 300
To sum up, the calculation results for carbon sink discharge from karstification using 301 watershed monitoring data in areas limited to a dominant single LUCC type may differ in a small 302 watershed where geomorphology, hydrology, and land use cover are different. This is one of the 303 reasons why there is such a large deviation in China's total carbon sink discharge estimated by 304 using carbon sink data from a single watershed in a karst region. Therefore, considering the 305 diversity of landform types and surface covers in the southwestern karst area, it is important to 306 develop a monitoring network in different topographical and surface cover regions, using a variety 307 of monitoring technologies to improve the accuracy of karst carbon sink estimates. 308
Conclusion 309
It is important basic significance to determine the main factors that affect the karst 310 geological carbon sink and understand the mechanism of their effects on the karst geological 311 
